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IN T R O D U C T IO N

One of the most interesting and important developments in
physiological research of the last 30 years has been the recog
nition that there are certain nerve cells which are capable of
elaborating and releasing complex organic substances which act as
hormones.

These cells which have become modified to this purpose

often to the subordination of their function as neurons, are
usually characterized by the presence of large granules and are
called neurosecretory cells.

Transmitter substances which are

released at synapses act upon the immediately adjacent nerve and
effector cells.

However, materials secreted by these neuro

secretory cells are transported around the body to act upon some
distant organ (Laverack, 1963).
The history of our knowledge of neurosecretion begins with
the description by Speidel (1919) of secretory-appearing neurons
in the caudal region of the spinal cord of elasmobranchs. Almost
20 years after Speidel’s largely ignored finding, Ernst and Berta
Scharrer (1937) reported evidence of secretory activity in the
hypothalamic neurons of the minnow.

The Scharrers described

similar ’’glandular neurons” as a constant occurrence in the hypo
thalamus of other vertebrates.

In addition, during this period

neurosecretion was first described in insects by Weyer (1935),
and in several other invertebrate groups including earthworms by
E. and B. Scharrer (1937).

1
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The existence of neurosecretory cells in humfaricus terrestris
was confirmed by Schmid (19h7), who obtained evidence for the
occurrence of cyclic variation in the activity of these cells.
The control and regulation of reproduction, regeneration, and
maturation of gametes have been assigned to secretions of specific
neurosecretory cells in the suprapharyngeal ganglia of earthworms
(Herlant-Meewis, 1955, 1956a; Hubl, 1953).

Secretions, also,

appear to play a role in oxidative metabolism (Nelson, 1969) and
carbohydrate metabolism (Clough, 1970).

It has been suggested

that osmotic and ionic regulation are also controlled by neuro
secretory substances.

Bahl (19hl) and Ramsay (19h9) have shown

that earthworms regulate osmotically and Kamemoto, et al, (1962 )
have shown evidence of ionic regulation.

Kamemoto (196U) demon

strated that some substance or substances in the brain of the
earthworm controlled osmotic and ionic regulatory activity.
Goudie (1968) studied the characteristics of neurosecretory cells
in the suprapharyngeal ganglia of
procedures.

terrestris using histochemical

He demonstrated that neurosecretory substances

from these cells played a role in ionic and osmotic regulation by
subjecting the worms to osmotic stressors and observing a
depletion of secretory granules from one of the two types of
observed cells.
Neurosecretory cells have also been described in the sub
pharyngeal ganglia and ventral nerve cord of earthworms
(Teichmann, et al, 1966).

With the possible exception of a role
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in regeneration nothing is known in regard to roles played by
secretions of these cells.

Some evidence has accumulated to show

that when the brain is removed some regulatory substances are
produced at some other site after a period of about three to five
days (Nelson, 1969; Clough, 1970).
The purpose of this investigation was fourfold:

1)

to study

the characteristics of neurosecretory cells in the subpharyngeal
ganglia and ventral nerve cord of

terrestris, 2 ) to observe

any change in histological appearance in these cells following
removal of the suprapharyngeal ganglia, 3 ) to observe the effect
on these cells of subjecting non-debrained worms to extreme
osmotic conditions and, k)

to observe the effect of these osmotic

stressors on these cells in 5 day decerebrated worms as measured
by change in histological appearance.
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LITERATURE REVIEW
Neurosecretory cells, characterized by the presence of gran
ules in the cytoplasm, had been observed and drawn, for quite some
time before the idea of neurosecretion finally took shape.

A

systematic scrutinization of publications leads to the discovery
of a number of drawings showing what would appear to be neuro
secretory cells.

These sketches are published in memoirs dating

from the second half of the 19th and beginning of the 20 th century.
Most of these drawings relate to the Ihvertebrata.

In one such

instance, Clarke (18£6 ) discussed the nervous system of Lumbricus
terrestris. As described by Gabe (1966), drawings which Bellonci
did in 1882 show, without comment, the x organs of the isopod
Spbap.roma serratum and of the stomatopod crustacean Squilla mantis.
Nansen described "glandular cells1’ in the pedal ganglion of Patella
ynlpata in 1886.

One type of neurosecretory cell of the polychaete

Nereis virens was clearly seen in the figures of Hamaker in 1898,
and Metalnikoff mentioned the presence of granules within vacuoles
in the giant neurones of Sipunculus nudus in 1900 (Gabe, 1966 ).
Since those early investigations, the morphological nature of
the neurosecretory cell has been investigated by light, phase,
dark-field, and electron microscopy.

There is no specific stain

for neurosecretory material (NSM) per se. Certain Gomori com
binations, however, are particularly useful.

NSM may stain with

the major components of these combinations such as chrome

h
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hematoxylin and paraldehyde-fuchsin, or with the acid stains.
With the electron microscope, granules in the size range of 10003000 angstroms have been observed in a variety of neurohemal

structures and neurosecretory cell bodies.

These "elementary

neurosecretory granules" may aggregate into inclusions of various
sizes, ■which then become stainable and visible with the light
microscope (Bern and Hagadom, 1965).
The chemical nature of neurosecretory granules may vary in
different neurosecretory systems and even in the same system in
different groups of animals.

In fact, substances of the neuro

secretory cells of the cerebral ganglia in earthworms have been
distinguished histochemically from each other and from that of
the subpharyngeal ganglia (Teichmann, et al, 1966).

Protein,

especially that which is sulfur-rich, is the ubiquitous component
of the NSM, although carbohydrate and lipid constituents are
frequently reported.

It has been suggested that the stainable

materials may represent carrier or parent molecules, rather than
the actual hormones, which appear to be of lower molecular weight
(Bern and Hagadorn, 1965).
All evidence has pointed to the cell body as the site of
synthesis of the NSM in various anima?.s.

In the process of syn

thesis the cells show characteristic cytological features which
are peculiar to actively secreting cells.

At what seems to be the

beginning of synthesis, minute granules become visible in the
cytoplasm of the cell.

As the synthetic process continues, the
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granules seem to coalesce and form conspicuous droplets, aggre
gates, or masses.

Eventually the droplets, etc., are discharged

and this is accompanied by the formation of conspicuous vacuoles
in the cytoplasm which were filled up by the now discharged drop
lets (Marapao, 1959).
Staining reactions alone provide an inadequate basis for
conclusions regarding the occurrence of neurosecretory activity.
The following criteria (Bern, 1962 ; Bern and Hagadom, 1965 ; and
Simpson, et al, 1966 ) may be used in making judgements:

a)

Obser

vation of stainable materials in neurons indicates the possibility
of neurosecretion; b)

If change in quantity or quality of the

presumed NSM can be correlated with a seasonal change or with
physiologic conditions, a secretory cycle is indicated and the
existence of neurosecretion is probable; c)

If the presumed NSM

can be associated in quantity and in location with the occurrence
of a hormonal factor, then neurosecretion can be considered to be
established.
Stainability as a criterion of activity does appear to have
different meanings in different forms.

For example, certain

neurosecretory cells in some insects contain the most secretion
during periods when little or no hormone is being released (Heller
and Clark, 1962 ).

By contrast, however, the greatest stainability

of certain cells and axons in polychaetes occurs when the factors
they produce are apparently being discharged (Bobin and Durchon,
1952

;

Clark, 1959 ).

It may be concluded that the presence of
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stainable material in annelid neurosecretory cells indicates only
that the rate of synthesis of the material has outpaced its
normal rate of release and that accumulation of it in the cell
may he caused by a change in either of these rates (Clark, 1963).
Even when the staining cell is established as neurosecretory,
the interpretation of physiological significance of a neuro
secretory cell or any gland cell filled with secretion requires
caution.

The alternative explanations are that a) the cell is

actively releasing hormone into a vascular system, but is pro
ducing secretions even faster than it can release it, or b)

the

release of the hormone is slight or absent, so that even a low
rate of synthesis causes the accumulation of secretions in the
axon and cell body (Bern and Hagadom, 1965).
Thus, concerning neurosecretion per se, major questions still
exist' in regard to the nature of NSM, (structurally and chemi
cally), the nature of the neurosecretory process (synthesis,
transport, and release), and the neuronal properties of the neuro
secretory cell, (the morphological accessories and the electrical
properties) (Bern and Hagadom, 1965).
The neurosecretory cells of oligochaetes ■which have been
described by various investigators may or may not be completely
equivalent, since neurosecretory cell types in different forms
which have been given the same name by different investigators
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8
may not only be related to different physiological conditions
(Bullock and Horridge, 1965), but may be morphologically different
as well.
Herlant-Meewis (1955} 1956a) described a and b secretory
cell types in the suprapharyngeal ganglia and an additional u
type in the subpharyngeal ganglia in Eisenia foetida.
Hubl (1953} 1956) observed Herlant-Meewis1 a and b cells in
the suprapharyngeal ganglia in several species of Lumbricus and
Allolobophora as well as a third type, the £ cell, which appeared
during regeneration, and which he stated to be derived from b
cells.

In addition, u cells were also found in the subpharyngeal

ganglia during regeneration.
Marapao (1959) described five morphologically distinct cell
types in

terrestris, four of which appeared neurosecretory.

Marapao concluded that these four reduced to only two distinct
secretory types after it was found that three cell types which
were classified separately were actually the same type in different
phases of the secretory cycle.
Goudie (1968) described two cell types in the suprapharyngeal
ganglia of

terrestris which he called types a and b, and which

were equivalent to Marapao*s a and b cells.

Teichmann, et al,

described cell types Ag and A3 , which appear to be those called b
by Goudie and others, and type A], which appears to be the a cell,
described by Goudie and others.

3h addition, Teichmann, et al,
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(1966 ) studied the u cells In the subpharyngeal ganglia described
earlier by Hubl (1953, 1956).
Aros and Vigh (1959, 1961) noted that the neurosecretory
cells which were present in the subpharyngeal ganglia and nerve
cord were organized into groups lying symmetrically on both sides
of the nerve cord.

Some organization in position of neuro

secretory cells has also been observed in the suprapharyngeal
ganglia by Goudie (1968) and others.
Brain removal or decerebration is not fatal in earthworms, a
new brain being regenerated in time.

Aros and Yigh (1961) reported

that the subpharyngeal ganglia of earthworms exhibited a condition
corresponding to hypersecretion after removal of the brain, and
that with the regeneration of the brain, this condition disappears,
as measured by stainability and vacuolization in cells.

It is

possible that the subpharyngeal ganglia are also secreting hor
monal factors, maintaining the necessary concentration in the
absence of the brain.

Hubl (1953) also discovered the appearance

of concentrations of secretory materials within the subpharyngeal
ganglia following removal of the suprapharyngeal ganglia.
Nelson (1969) found that oxygen consumption in earthworm
intestinal and body wall tissue showed a decrease from the normal
for 3 days following decerebration and a return to the original
levels thereafter and even an increase.

A similar effect was

found by Clough (1970) in blood glucose level in the earthworm.
Here too, a depression followed decerebration and the level
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returned to near-normal several days thereafter.

Perhaps the

subpharyngeal ganglia had been able to "hypersecrete" sufficiently
by the time several days had passed following decerebration to
return the worms’ oxidative functions to their original levels.
An argument supporting the existence of a relationship
between the functioning of the neurosecretory cells in the cere
bral ganglion and oviposition is furnished by histophysiological
studies (Herlant-Meewis, 1956b).

Considerable quantities of NSM

begin to be observable in the axons of the a cells in Eisenia
foetida from the time sexual maturity is attained.

Copulation

and oviposition coincide with marked vacuolization of the peri
karyons.

As the cytoplasm of the latter begins to stain less

deeply, the amount of neurosecretory material along the axons
diminishes progressively.

The disappearance of NSM from these

cells is even more evident at the end of the period of oviposition.
Conversely, in worms caught in winter, during the period of sexual
rest, a cells have a very rich content of NSM.

Further, mature

worms with eggs, when decerebrated, lose their eggs through
degeneration.

It would seem logical, therefore, to assume that

neurosecretory a cells in the suprapharyngeal ganglia elaborate
a principle which is essential for normal functioning of the
genital apparatus in sexually mature specimens of Eisenia foetida.
Evidence which indicates that similar a cells in the supra
pharyngeal ganglia of L. terrestris secrete a factor responsible
for osmotic regulatory activity has also been presented (Goudie,
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11
1968).

'When the worms were subjected to extreme osmotic con

ditions, the secretory granules of these a cells were observed to
become depleted.

There was no loss of stainable material from

type b cells as a result of this treatment.

In fact, a greater

intensity of stain was evident and the cells appeared to increase
in number.

Marapao (1959) was able to demonstrate that these

cells actually did increase in number when specimens of Lumbricus
terrestris were subjected to the nonspecific stimulus of needlepricking.

They also stained with greater intensity and it was

his conclusion that this was a generalized response to a stressful
situation.
Thus, various functions have been attributed to the secretions
from earthworm neurosecretory cells.

It has been established, for

instance, that a cells in the suprapharyngeal ganglia of Lumbricus
terrestris are associated with osmoregulatory factors.

In the

present investigation, a study will be made of responses of
similar cells shown to be present in the subpharyngeal ganglia
and ventral nerve cord during osmoregulation, both when the brain
is present and after brain removal, as indicated by histological
appearance.
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M A T E R IA L S AMD METHCDS

These investigations were carried out on the subpharyngeal
ganglia and first few segments of the ventral nerve cord of over
300 specimens of the earthworm,

terrestris. I will refer to

this tissue in the text of this report as "nerve cord".
The worms were purchased from a local bait shop and only those
which displayed a mature clitellum were used.

The animals were

maintained in the laboratory at 2°C in moist bedding material.

To

avoid the possibility of diurnal variations, the nerve cords were
always extirpated during the late afternoon, and prepared for a
longitudinal dorsal plane of sectioning.
The subpharyngeal ganglia and first few segments of ventral
nerve cord, along with connectives to the suprapharyngeal ganglia,
were exposed and flooded with Bouin's fixative in situ. To insure
that orientation of the tissue remained the same through all
embedding, the connective on the right was always cut closer to
the subpharyngeal ganglia than the one on the left.

By this means,

the orientation of the tissue in the paraffin blocks was easily
recognizable.
Standard histochemical techniques (Humason, 1962) were
employed in the preparation of the paraffin section for staining.
The tissue was embedded in tissue-mat (Fisher) with a melting
point of 55°C and sectioned at 10 microns.

All, sections from each

worm were mounted serially on a single slide.

The stains used in

12
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this investigation were Delafield’s hematoxylin with Eosin Y as
a counterstain for standard controls and Gomori’s aldebydefuchsin with Halmi's mixture as a counterstain for experimental
runs and standard controls.

A complete description of the pro

cedures may be found in Appendix A.
In the procedure involving staining with Gomori’s aldehydefuchsin, the mounted sections were subjected to strong oxidation
following removal of the paraffin so that the cystine and cysteine
which Adams and Sloper (1956) considered to be characteristic of
neurosecretory granules would be oxidized to cysteic acid.

This

sulfonic acid then contained highly ionized acid radicals which
would take up basic dyes readily.
This particular technique of oxidation, using a sulfuric acidpotassium permanganate oxidant, followed by a sodium bisulfite
bleaching, was developed by Dogra and Tandan (196U) to demonstrate
neurosecretory material in whole mounts of the CNS in insects and
annelids.

Their technique was a modification of one originally

developed by Adams and Sloper (1956).

Gomori's aldehyde-fuchsin

was the basic dye used to specifically stain the oxidized neuro
secretory granules.

Halmi’s mixture was used as a counterstain so

that the other cell structures could be distinguished.
AH experiments were carried out in a room maintained at
about 20°C to eliminate any variation due to temperature.
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Standard control worms were those which were maintained in
the lab in moist bedding material at 2°C and not subjected to any
experimental treatment.
Worms which were originally standard controls but were sub
jected to isosmotic solution must be termed experimental controls.
The term experimental worm was used to designate all animals
subjected to the experimental treatments, decerebration and/or
osmotic conditions.

A set of standard control worms was studied

with each experimental group of worms.
The effects of decerebration on the neurosecretory cells in
the nerve cord were studied in the following manner.
groups of 3 were decerebrated.

Worms in

1 , 2 , 3 , 5 , and 7 days following

the operation, their nerve cords were prepared for staining.

In

addition, to staining the above experimental groups, worms were
also processed 2 hours post-decerebration and designated 0 + 2
hours.
The effects of extreme osmotic conditions on the neuro
secretory cells of the nerve cord were studied by placing worms in
groups of 10 in isosmotic (0 .11(M or 0 .8$), hypo-osmotic (distilled
water), and hyper-osmotic (0 .28M or 1 .6$) saline solutions for 1 ,
6 , and 12 hours.

The solutions were aerated continuously.

Those

worms in isosmotic solution were termed experimental controls.
Immediately after removal from the experimental solutions, 3 worms
of the original 10 were selected and the tissues were processed
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according to the techniques described in Appendix A.

The com

position of the isosmotic saline solution is presented in Table 1.
Table 1— Composition of Isosmotic Saline Solution for Earthworms
(O.lliM or 0.8$), (Welsh and Smith, I960)

0.5UM NaCl
---------------------------------0.51|M KC1
0.36M CaCl2
0.36M MgCl2
O.UljM Na2S0[l

250
5
5
1
1

The solution was brought to 1 liter with distilled water.

The hyper-osmotic solution was made up by doubling the com
ponents of the isosmotic solution (Table 1).
The effects of extreme osmotic conditions on 5 day decere
brated worms were studied as in the preceding manner.

Here, how

ever, the worms had been maintained in lab bedding for 5 days
following decerebration and preceding their subjection to these
conditions.

After studying the effects of debraining and forced

osmotic regulation of the neurosecretory cells of the ventral nerve
cord, 5 day decerebrated worms were selected arbitrarily for
studying the effect of extreme osmotic conditions on the neuro
secretory cells of the ventral nerve cord of decerebrated worms
because changes in cellular appearance were only moderate.

Seven

day decerebrated worms were considered unsuitable for subjection
to extreme osmotic conditions because degranulation had advanced
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to the point that any further change in cellular appearance
would be difficult to ascertain.
The serially mounted sections of the nerve cords from
variously treated worms were examined.

Initially those standard

control sections stained specifically for neurosecretory gran
ules were compared with those stained with hematoxylin as standard
controls.

The neurosecretory cells in the nerve cords of standard

control worms were identified on the basis of their staining
characteristics and were examined for morphological character
istics, locations, staining reaction, and amount of stainable
material.

The nerve cords of all experimental worms were simi

larly examined and observations were made of any changes in any
of the neurosecretory cells which might be correlated with osmo
regulatory activity as well as changes following brain removal.
Riotamicrographs were taken to aid in comparison of neuro
secretory cells in all groups as well as to help illustrate the
characteristics of the types of neurosecretory cells and changes
correlated with debraining and osmotic regulations by these worms.
The bright-field of a Nikon Ihterference-Riase Contrast. Ihotomicroscope was utilized to obtain these photomicrographs.

Pan-

atomic-X black and white film was used with an exposure time of
1 -2 seconds.

In order to insure precision of histochemical results and
the greatest possible objectivity in the analysis of these results,
the following precautions were taken:

1)

fill tissues were fixed
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in situ immediately upon exposure in order to decrease the
possibility of any tissue changes In the course of removal; 2)

Of

the more than 300 slides, each representing a different animal,
•which were prepared and examined, only those which stained well
enough for good contrast and visibility were used in analysis after
establishing that they were indeed representative; 3)

Slides which

stained too lightly for good contrast or too darkly so as to lack
contrast were studied but not used for photographs to illustrate
particular points; li) Worms were subjected to experimental solu
tions in groups of 10 , and a group of three control worms was used
in each experimental run; 5)

All the slides from an experimental

run were processed through the staining procedure at the same time;
6 ) The order of processing of slides was randomized so as to

reduce any possibility of variation in staining; 7)

Although the

investigator was aware of treatment of tissues on each slide,
an effort was made to retain objectivity and eliminate bias;
8)

Riotomicrographs were taken of tissues only after general

trends in reaction to treatment were established and tissue sec
tions were chosen for photography on the basis of good staining
and visibility of good representative cells; 9)

A table of summary

of procedures, number of experiments, number of observations
follows which lists both numbers of slides and numbers of tissue
sections examined previous to the selection of specific tissue
sections for photography which were considered to best represent
the cell appearances for that particular experimental condition.
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TABLE 2— SUMMABJ OF PROCEDURES,
NUMBER OF EXPERIMENTS,
NUMBER OF OBSERVATIONS
Tissue Types

Number of
worms re
presented

Number of
tissue sec
tions ex
amined

Number of
experimental
runs

Suprapharyngeal
ganglia stained
with Hematoxylineosin (HE)

5

182

1

Suprapharyngeal
ganglia stained
with Aldehyde fuchsin (AF)

7

282

1

Subpharyngeal
ganglia stained
with Hematoxylineosin (HE)

9

187

1

Subpharyngeal
ganglia stained
with Aldehydefuchsin (AF)

5

113

1

12

3h2
90
25>8
360
196
253
330
l8'29

If
h
h
h
h
h
h

Subpharyngeal
ganglia following
decerebration (AF)
0 days (control)
0 + 2 hours
1 day
2 days
3 days
5 days
7 days

3
11
11
8
10
10
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SUMMAKT OF PROCEDURES, NUMBER OF EXPERIMENTS, NUMBER OF
OBSERVATIONS— continued
Tissue Types

Subpharyngeal
ganglia following
subjection to
extreme osmotic
conditions (AF)
0 hours (control)
1 hour hypo
1 hour iso
1 hour hyper
6 hour hypo
6 hour iso
6 hour hyper
12 hour hypo
12 hour iso
12 hour hyper
Subpharyngeal
ganglia following
extreme osmotic
conditions 5 days
post-decerebration
(•AF)
$ days post-decerebration-control
1 hour hypo
1 hour iso
1 hour hyper
6 hour hypo
6 hour iso
6 hour hyper
12 hour hypo
12 hour iso
12 hour hyper

Totals

Number of
worms re
presented

3
2

3
3
3

Number of
tissue sections examined

36
76
92
53
99

2

22

3

37
29
72

2

3

h
W

111
627

7

16U

5

183
191
58
117
191

6
2

if
6

3

81

6

181
177
251

7
8

Number of
experimental
runs

W

m r

173

U8 lF
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RESULTS AND DISCUSSION
After careful study of various tissue sections under the
microscope, it was concluded that the more ventral sections
contained a greater number of neurosecretory cells than did the
more dorsal sections.

All photomicrographs are, therefore, longi

tudinal ventral sections of the subpharyngeal ganglia and ventral
nerve cord, fixed with Boilin's solution, stained with Gomori's
aldehyde-fuchsin, and oriented on the slides and photos with an
terior portion at top.
Nerve Cords of Standard Control Worms
Stained with Hematoxylin and Eosin
Standard control nerve cords stained with hematoxylin and
eosin were studied to establish histological details for com
parison with those treated later with the histochemical staining
procedures used in this study.

These worms were previously

maintained in moist bedding at 2°C.

The cellular organization of

the nerve cords was typical of other invertebrate ganglia.

Neuron

al cell bodies were located around the periphery, while the neuro
pile occupied the central region.

The cell bodies were spherical

in shape and stained typically blue to purple with the hematoxylin
indicating the position of chromatin material.

In addition to

typical neurons, cells which contained secretory granules could be
observed but it was difficult to characterize them.

Two types

20
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•which were identified in sections stained with aldehyde-fuchsin
were observed here, with one type showing coarser granulation than
the other.

However, no further analysis of hematoxylin and eosin

sections will be given in this paper since this stain is not
specific for neurosecretory granules.
Nerve Cords of Standard Control Worms
Stained with Gomori's Aldehyde-Fuchs in
In nerve cords stained with Gomori's aldehyde-fuchsin follow
ing oxidation, two main types of neurosecretory cells were demon
strated to be present.

The cells have been designated type a and

type b by this investigator because they were similar in appearance
to those described by Goudie (1968) and others in the suprapharyn
geal ganglia.

Cells in both locations were comparable in size

range and appearance.
The type a cells were oblong to spherical in shape and showed
neurosecretory material in the form of large coarse granules which
were not packed tightly together in the cytoplasm and which stained
a light purple.

These cells may be seen in Figures a. and b. of

Plate 1 and in Figure a. of Plate 2.
The second cell type which was found to be present was des
ignated type b.

Here the secretory granules were very fine and

more tightly packed together than those of cell type a.

These

granules stained purple to brick red with Gomori stain.

As a

result, these cells were generally dark in the photographs.

As

with type a cells, the nuclei here stained very lightly and were
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P LA TE 1

Figure a.

Standard control: At 200X, the smaller type b cells
contain fine granules which are tightly packed together
and which stain dark purple to brick red. Type a cells
are larger and contain coarse granules which are not
tightly packed and which stain light purple.

Figure b.

Standard control: Higher magnification (UOOX) of cells
in another worm shows comparative appearance of types
a and b cells. Smaller b cells show much darker stain
ing than lighter and larger a cells.
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PLATE 2

Figure a.

Standard control: Higher magnification (1000X) of cells
in another worm shows coarse, loose cytoplasmic gran
ules of larger type a cells compared to fine, tightly
packed cytoplasmic granules of smaller type h cells.

Figure b.

Standard control: Another area in another worm at
1000X magnification shows more clearly the fine,
tightly packed cytoplasmic granules in type b cells.
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therefore easily distinguished.

Type b cells were seen to be

oval to spherical and, in general, smaller than type a cells and
generally more peripheral in location.

These cells may be seen

in Figures a. and b. of Plate 1 and in Figures a. and b. of Plate
2

.
The cell type designated here as type a was considered to

correspond to those cells named a by Goudie (1968) who concluded
that these were the cells named a, b-|, and c by Marapao (1959 ),
and Ai by Teichmann, et al, (1966).

Marapao considered these to

be three different secretory stages of the same cell type.

The

cell type designated here as type b appeared to be similar to the
b cell previously designated by Goudie (1968), the b 2 cell of
Marapao (1959), and A2 and A 3 cells of Teichmann, et al, (1966).
A third type of cell which might correspond to the u cell of
Herlant-Meewis (1956a, 1956b) in Eisenia foetida and that of Hubl
(1953 ) in

terrestris and

rubella was also noted on occasion.

These cells appeared as a single pair, lying in the antero-central
region of the subpharyngeal ganglion and were generally larger
than a cells and with more lightly stained granules.

Since these

cells were not consistently found to be present, little further
discussion of them will be considered.
may not necessarily prove their absence.

Their lack of visibility
These u cells, seemingly

concerned with regeneration (Bern and Hagadom, 1965) may not
have been clearly visible due to an absence of the regenerative
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process.

Some of the observed u-type cells may be noted in the

accompanying photomicrographs such as Figures a. and b. in Hate 9.
Effects of Removal of
Suprapharyngeal Ganglia on
Neurosecretory Cells of Nerve Cord
Vlhen the brain was removed, changes were observed in both
iypes of neurosecretory cells.
2 hours following brain removal.

These changes appeared as early as
After that short time interval,

conspicuous empty vacuoles were observed in type a cells and
there was a loss of coarse light purple granulation.

There was

some darkening of type b cells as can be seen in Figure a., Hate
3. An apparent recovery of original appearance was observed from
the first day (see Figures a. and b., Hate i*) and through the
second day (see Figure a., Hate 5) in the form of an increase in
stainability and decrease in vacuolization in a cells, and an
increase in staining in smaller b cells.

In 3 day tissue cell

changes were observed which can be compared to those seen in the
2 hour tissue (see Figure b., Hate £).

Five day tissue (Figures

a. and b., Hate 6 ) showed a greater loss of stainability and
increase in vacuolization in type a cells and an apparent increase
in number and stainability of type b cells.

Seven days following

debraining, the neurosecretory cells showed an even greater re
sponse (Hate 7).

This apparent increase in number of b cells,

however, may be only an increase in the number of visible cells
which were there already, but which did not stain well until now.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

PLA TE 3

Figure a.

0 + 2 hours decerebrated worm: Type a cells at 1|00X of
worm decerebrated 2 hours previously.- The cytoplasm of
the cell showed loss of coarse light purple granu
lation and extreme vacuolization.
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PLATE U

Figure a.

1 day decerebrated ■worm: Cells (100X) show some
"recovery” from the initial operation as evidenced by
a decrease in vacuolization in type a cells and an
increase in stainability of both cell types.

Figure b.

1 day decerebrated worm: Greater magnification of
I4.OOX shows an increase in stainability and a decrease
in amount of vacuolization in type a cells and in
smaller type b cells in another worm due to a possible
"recovery" from the initial operation.
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HATE 5

Figure a.

2 day decerebrated worm: Magnification of 200X shows
cells in a worm which had been decerebrated 2 days
previously. Their appearance is comparable to that of
controls.

Figure b.

3 day decerebrated worm: Cells in worm show some loss
of stainability and some vacuolization in type a cells.
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PLATE 6

Figure a.

5 day decerebrated worm: Magnification of 100X shows
definite increase in amount of stainable granules of b
cells and decrease in a cells.

Figure b.

5 day decerebrated worm: Greater magnification of
200X in another worm shows more clearly type b cell
increase in granules and type a cell decrease in
granules.
~
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PLATE 7

Figure a.

7 day decerebrated worm: Magnification of 100X shows
extreme loss of stainabl? granules in type a cells and
much greater intensity of staining of granules in type
b cells.
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However, since a further loss of stainability in a cells might
be harder to identify in an already vacuolated cell, worms decere
brated for 5 days were subjected to extreme osmotic conditions.
A study.-by Aros and Vigh (1961) reported that the subpharyn
geal ganglia exhibited a condition corresponding to hypersecretion
after removal of the suprapharyngeal ganglia.

With regeneration

of the suprapharyngeal ganglia, the ”hyper” condition disappeared.
Perhaps the loss of stainability of granules and increase in
vacuolization following decerebration in the experimental worms
observed here may correspond to this hypersecretion.

Marapao

(1959) has shown that the discharge of granules from secretory
cells is accompanied by the formation of conspicuous vacuoles in
the cytoplasm which he interpreted as having been filled up by the
now discharged material.

However, since this vacuolization and

loss of stainable granules occurred in experimental (debrained)
worms and was not observed in controls, it would appear that
perhaps this would indicate oversecretion or ’’hypersecretion” has
occurred to maintain the normal neurosecretory flow for homeosta
sis.
Effects on Nerve Cords
of Debrained and Non-debrained Worms
Subjected to Osmotic Stressors
Similar results which will be discussed in detail below,
occurred when the decerebrated and non-decerebrated worms were
then subjected to extreme osmotic conditions.

Nerve cord cells of
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5 day decerebrated worms, which were already somewhat degran
ulated, responded to a greater degree than those of non-decerebrated worms.

Effect of subjecting debrained and non-debrained worms
to isosmotic solution
Neurosecretory cells of standard control worms subjected to
the isosmotic saline solution, which are considered to be the
experimental control worms for the series of experiments, showed
results comparable to those of the standard controls.

As pre

viously described, smaller b cells contain fine granules which
stained dark purple to brick red.

Type a cells were larger and

contained coarse granules which were not tightly packed and which
stained light purple.

The cells of experimental controls may be

seen in Plates 8, 9, and 10, and those of debrained worms are in
Flates 15 and 16.

A reaction to general stressors, however, as

described by Marapao (1959) and Goudie (1968) was observed and
may account for greater prominence of type b cells in experimental
control worms over standard control worms and even greater stain
ability of b cells in decerebrated experimental worms subjected to
isosmotic solution. 'When a response was observed, it was generally
more apparent in those worms maintained in the isosmotic solution
for longer time periods, a greater reaction being evident after 12
hours of treatment than after 1 hour.

The conditions encountered

by these worms in the isosmotic solution and not encountered by
the standard controls were the additional handling involved and
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Figure a.

Experimental controls: 1;00X magnification of cells in
a specimen of L. terrestris subjected to isosmotic
saline solution for 1 hour. Results comparable to
those of the standard controls are evident in both cell
types.
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PIATE 9

Figure a.

Experimental control: Cells in worm subjected to isos
motic saline solution for 6 hours and magnified 100X.
Cells generally stained well, except for the pair of
cells located centrally in the figure which may be u
type cells.

Figure b.

Experimental control: Greater magnification at 200X of
figure a. The staining of a cells is shown to be compa
rable to that of standard controls and the appearance of
possible u type cells is more evident here than in the
preceding""photo. The b cells stain darkly due possibly
to a "generalized stress response” as explained in the
text.
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HATE

Figure a.

10

Experimental control: Cells of worm subjected to
isosmotic saline solution for 12 hours, magnified 200X.
Gomori's aldehyde-fuchsin was taken up by both a and b
cells in a way comparable to that of standard controls
except for the darker b cell "generalized stress
response". The black slash is a photographic artifact
and should be disregarded.
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PLATE 11

Figure a.

Hypo-osmotic stress: Cells (200X) in a worm subjected
to hypo-osmotic solution for 1 hour. Stained with
Gomori's aldehyde-fuchsin, the coarse granules of type
a cells are very evident and appear to be in the
process of being discharged from the cells. This
process is followed by the formation of vacuoles.

Figure b.

Hypo-osmotic stress: Cells at 200X of worm subjected
to hypo-osmotic solution for 6 hours. Type a cells
contain vacuoles in the cytoplasm, some of which are
seen to contain the coarse granules -which stain with
Gomori's aldehyde -fuchsia.
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the buffeting of the worms by air being bubbled through the
solution.

This may have caused the "generalized stress response".

Type b cells in debrained and non-debrained woims
subjected to extreme osmotic conditions
When type b cells of debrained and non-debrained worms
subjected to hypo-osmotic conditions were compared to experimental
control worms subjected to isosmotic solution, instead of a
decrease of neurosecretory material being observed, the cells
appeared to show what Marapao (1959) called a "generalized stress
response" of greater intensity of staining which may be seen in
Figure a., Hate 12 (non-debrained) and in Elates 17 and 18
(debrained).

This change might be explained by an increase in

amount of the very fine granules or by a change in the granules
which caused them to take up more of the stain.

In addition,

there seemed to be an increase in the number of cells or at least
an increase in staining cells.

Marapao (1959) was able to demon

strate an increase in number and staining in b cells with the
stimulus of needle-pricking.

Besides the observed cellular re

sponses, Marapao found that, when pricked, his worms responded
instantaneously with sharp muscular twists and squirming but
became inactive again when put back in their packing boxes.

He

concluded from these reactions that pricking evoked a "general
stress response".
These same results were observed with worms subjected to
hyper-osmotic conditions with an even greater prominence in
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PLATE 12

Figure a.

Hypo-osmotic stress: Cells at 200X of worm subjected
to bypo-osmotic solution for 12 hours. An increase in
vacuolization in type a cells and darkening in type b
cells is evident.

Figure b.

Hypo-osmotic stress: Greater magnification of IjOOX
shows much vacuolization in a cells of another worm
subjected to hypo-osmotic solution for 12 hours.
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appearance and increase in numbers.

Some of these cellular

changes may be seen in Figure b., Plate 13, and Figures a. and b.,
Plate 1li (non-debrained) and much greater changes may be seen in
Plates 19, 20, and 21 (debrained).

3h Plate 21, a halo effect is

visible after 12 hours, probably resulting from hyper-osmolarity
causing the cell to shrink.
Type a cells in debrained and non-debrained worms
subjected to extreme osmotic conditions
Definite changes were observed in type a cells when both 5
day decerebrated and non-decerebrated worms were subjected to
extreme osmotic conditions, both hypo and hyper.

3h non-decere-

brated standard controls (Plates 1 and 2) and not subjected to any
experimental solutions, and in non-decerebrated experimental
controls (Plates 8, 9, and 10) subjected to isosmotic solution,
the cytoplasm contained a large amount of neurosecretory material
in the form of coarse granules which stained light purple with
Gomori’s stain.

At the time 5 day debrained worms were placed in

isosmotic solution, they had already lost same granulation due to
brain removal, but cells were still comparable in appearance to
those of non-debrained experimental controls (Plates 15 and 16).
"When cells in non-decerebrated (Plates 11 and 12) and decere
brated worms (Plates 17 and 18) subjected to hypo-osmotic condi
tions were examined, it appeared that there was a loss of stainable secretory granules in a cells.

Since there was a progressive

loss of stainability in a cells through the 12 hours of the
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PLATE 1 3

Figure a.

Hyper-osmotic stress: Cells at magnification of UOOX
of worm subjected to hyper-osmotic solution for 1 hour.
Vacuolization in cytoplasm of a cells is evident. The
black slash is a. photographic artifact and should be
disregarded.

Figure b.

Hyper-osmotic stress: Cells at UOOX of worm subjected
to hyper-osmotic solution for 6 hours. An increase in
stainability in b cells accompanies lighter staining
in a cells.
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PLATE 1U

Figure a.

Hyper-osmotic stress: Cells at 100X of worm subjected
to hyper-osmotic solution for 12 hours. A cells show
light staining characteristics 'while b cells show very
dark staining.

Figure b.

Hyper-osmotic stress: Greater magnification at 200X of
cells of another worm subjected to hyper-osmotic
solution for 12 hours. Very lightly stained a cells
and very darkly stained b cells are evident.
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experiment (compare Hates 11 and 12 and Hates 17 and 18), as
measured by loss of granules and increase of vacuoles in place of
granules, it would appear that the neurosecretory material was
being used continuously to maintain a regulatory mechanism.

As

would be expected there was a greater loss of granules in cells of
debrained worms because debraining alone caused a loss of gran
ules, due perhaps to utilization.
When non-decerebrated (Hates 13 and llj.) and f> day decere
brated worms (Hates 19, 20, and 21) were subjected to hyper
osmotic environments, it was observed that the depletion of
secretory granules of a cells was distinctly greater than that
found in worms subjected to hypo-osmotic conditions.

In comparing

my results with those of the comparable experiments of Goudie
(1968 ), an interesting difference was noted in that a maximum
change in stainability after 1 hour in the cells did not increase
with time was observed by Goudie.

In this investigation, as

described above, an increase in response progressed with time.
The apparent loss of granulation in cells of both decere
brated and non-decerebrated worms appeared to be due to stimula
tion resulting from hyper-osmotic conditions.

As a consequence,

the neurosecretory material was secreted from the cells and
possibly functioned to control the appropriate regulatory activ
ities.

In the decerebrated worms subjected for 12 hours to hyper

osmotic conditions, loss of stainable granules was so great that
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ELATE 1 5

Figure a.

5 day decerebrated experimental control: Cells of worm
subjected to isosmotic saline solution for 1 hour. At
magnification of 100X cell types a and b respond to
Gomori's aldehyde-fuchsin in a manner comparable to that
of non-decerebrated experimental controls.

Figure b.

5 day decerebrated experimental control: Cells of worm
subjected to isosmotic solution for 6 hours. At 100X
magnification types a and b cells still appear compa
rable to those of non-decerebrated experimental control
worms except for some increase in stainability in type
b cells. This may be due to an accompanying increase in
•’generalized stress response”.
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PLATE 1 6

Figure a.

f? day decerebrated experimental control: Cells of worm
subjected to isosmotic solution for 12 hours. A cells'
granules stained well, while staining in b cells showed
an increase in "generalized stress response" over 1 and
6 hour treated worms. Magnification is 200X.
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PLATE 1 7

Figure a.

5 day decerebrative hypo-osmotic stress: Cells of worm
subjected to hypo-osmotic solution for 1 hour. A cells
showed some decrease in staining at 200X, while b cells
showed considerable darkening.

Figure b.

5 day decerebrative hypo-osmotic stress: Cells of worm
subjected to hypo-osmotic solution for 6 hours. At
200X, some lightening and vacuolization is evident in a
cells and a further increase in darkening in b cells can
be seen.
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PLATE 1 8

Figure a.

5 day decerebrative hypo-osmotic stress: Cells of worm
subjected to hypo-osmotic solution for 12 hours. Loss
of stainable granules and presence of vacuoles can be
seen in a cells at 200X and an increase in staining is
evident in b cells.

Figure b.

5> day decerebrative hypo-osmotic stress: Greater magni
fication (liOOX) of cells in figure a. shows more clearly
the loss of stainable granules and presence of vacuoles
in a cells and increased staining in b cells.
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PLATE 1 9

Figure a.

5 day decerebrative hyper-osmotic stress: Cells of worm
subjected to hyper-osmotic saline solution for 1 hour,
magnified 200X. Stained with Gomori's aldehyde-fuchsin,
a cells appear vacuolated and b cells are darkly
stained.
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Figure a.

5 day decerebrative hyper-osmotic stress: Cells of worm
subjected to hyper-osmotic solution for 6 hours, magni
fied U00X. While a cells show loss of stained granules,
b cells show definite increase in stainable granules.

Figure b.

f> day decerebrative hyper-osmotic stress: Magnification
(200X) of cells of another worm subjected to hyper
osmotic solution for 6 hours resulted in the very dark
b cells being the only ones visible after staining with
Gomori's aldehyde-fuchsin.
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Figure a.

5 day decerebrative hyper-osmotic stress: Cells of worm
subjected to hyper-osmotic solution for 12 hours. Only
very dark b cells are visible at 100X magnification.

Figure b.

5> day decerebrative hyper-osmotic stress: Greater mag
nification of 200X of cells in another worm subjected to
hyper-osmotic solution for 12 hours. A "halo effect1'
appears around the only visible cells, the b cells.
This may be caused by an extreme "generalized stress
response", or by shrinking as a result of the hyper
osmotic environment.
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almost nothing but the very dark b cells could be distinguished
(see ELate 21).
Marapao (1959 ), as mentioned earlier, pointed out the possible
significance of the considerable vacuolization which was evident
in the cytoplasm of cells in worms in this study subjected to
extreme osmotic conditions.

He stated that when aggregates or

granules of neurosecretory material were discharged from the cell,
this was accompanied by the formation of conspicuous vacuoles in
the cytoplasm once filled by the discharged material.
General Discussion
The three levels of evidence for neurosecretion as suggested
in the writings of Bern (1962), Bern and Hagadom (1965), and
Simpson, et al, (1966) are:
neurosecretion, 2)

1) morphological description of

correlation of cyclical changes or altered

physiological activity with changes in secretory activity, and
3)

determination of physiological effects of an agent definable as

a hormone originating from a specialized neuron.
The first category of evidence, namely morphological descrip
tion of neurosecretion, has been fulfilled by the histological
studies not only in this investigation, but also by Goudie (1968),
Marapao (1959), Herlant-Meewis (1956a, 1956b), and Hubl (1953).
The neurosecretory cells in the nerve cord of

terrestris can be

classified into two distinct grou

of cells which have been

designated as types a and b in s

liance with descriptions of
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earlier investigators.

These type a cells have large, coarse,

loosely packed granules, and type b cells have smaller, fine,
tightly packed granules.
In order to demonstrate a specific function for any type of
neurosecretory cell, the second and third levels of evidence
described above must also be fulfilled.

]h this investigation, a

function was indicated for the secretions of type a cells and was
demonstrated on the basis of the loss of secretory granules when
the worms were subjected to extreme osmotic conditions, both hypo
and hyper, and it was presumed that they were regulating osmoticalKamemoto (1961;) had previously demonstrated that some factor

ly.

or factors present in the brains of these worms controlled osmotic
regulation.

Therefore, the second level of evidence has been

fulfilled, and on this basis it can be concluded that perhaps type
a cells produce a factor or factors involved in osmotic regulation.
Since similar cells from subphaiyngeal ganglia and ventral
nerve cord of

terrestris similar to type a cells in cerebral

ganglia showed similar cytoplasmic changes after subjection to
similar conditions, it is concluded that a cells in this portion of
the earthworm nervous system take part in osmotic regulation as
well.
A very interesting aspect of this investigation concerns the
same apparent depletion of neurosecretory material from type a
cells after subjection to both hypo and hyper-osmotic conditions.
The regulatory mechanisms which function to maintain the ionic
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and water balance of the internal environment of this earthworm
at a constant level when it is placed in a hypo-osmotic environ
ment would presumably be different from those which function in the
opposite or hyper-osmotic environment.

It would seem, therefore,

that different neurohormones would be necessary for control of
these regulatory activities.

The histochemical evidence, however,

does not provide evidence to indicate whether there is production
of a single factor by these type a cells, or whether the secretory
granules which are visible histologic ally are only carriers of the
factor(s), and thus are not indicators of the numbers or kinds of
compounds secreted by the cell.
It should be noted again, that Clark (1963) warned against
misinterpretation of histological evidence in correlating response
of neurosecretory cells.

In this study, however, the loss of

granulation has been interpreted to be a secretory response and
a further indication that the release of this neurosecretory mate
rial or NSM had resulted in osmotic regulatory activity.
Changes in granulation in both type a_ and b cells in the
subpharyngeal ganglia and ventral nerve cord appeared to increase
more in 5 day decerebrated worms than in non-decerebrated worms.
It is concluded that perhaps this was due to a hyperactivity
caused by the loss of the suprapharyngeal ganglia and a reaction
on the part of the subpharyngeal ganglia and ventral nerve cord
to the lapse in normal secretory activity.

It is theorized that

removal of the brain released an inhibition imposed upon the
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ventral nerve cord.

This leads to an immediate secretory response

of a release of granules in a cells, followed by a restoration of
granulation during the first 3 days followed by an increase in
activity from 3 to 7 days post-decerebration.

In the normal

worm it would appear that the suprapharyngeal ganglia, subpharyn
geal ganglia, and ventral nerve cord all are important in the
maintenance of homeostasis.

When one portion of the neuro

secretory system is removed, perhaps the remaining portions deviate
from their normal level of activity in order to return the system
to steady-state.
Table 3-Summary of Results
Characteristics of neurosecretory cells in ventral nerve cord of
L. terrestris subjected to the described experimental procedures
and stained with Gomori's aldehyde-fuchsin
Location
Treatment________ Type a cells______ Type b cells______ of plates
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- -

Standard control

Large, coarse
granules loosely
packed in cytoplasm which stain
light purple. No
vacuoles evident.

Fine granules
1a,b;2a,b
tightly packed
in cytoplasm which
stain dark purple
to brick red.

2 hours postdecerebration

Formation of vacu- Greater intensity 3a
oles and loss of
of stain
granulation

1 day postdecerebration

Return to original Return to original l*a,b
amount of granuamount of granu
lation with cor- lation
responding de
crease in vacu
olization
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Table 3-continued
Location
of plates

Treatment

Type a cells

Type b cells

2 day post
decerebration

Appearance com
parable to con
trols

Appearance com
parable to con
trols

3 day post
decerebration

Some loss of
Some increase in
granulation
granulation and
some vacuolization

5b

f> day postde cerebration

Definite decrease
in granulation
and increase in
vacuolization

Definite increase
in granulation
and apparent in
crease in number

6a,b

7 day post
decerebration

Extreme loss of
granulation

Extremely dark
staining

7a

Experimental
control (isos
motic solution)

Similar to stand
ard controls

Intensity of
sbain greater
than in stand
ard controls

8 a; 9a,b
10a

Hypo-osmotic
solution

Appearance of
vacuoles and
decrease in
-granulation

Increase in both
granulation and
number of visible
cells

11a,b

Hyper-osmotic
solution

Similar to hypoosmotic but more
pronounced

Similar to hypoosmotic but more
pronounced

13a,b

5 day decerebrated-isosmotic

Similar to experi
mental controls
but more pro
nounced

Similar to experi l5 a,b
16a
mental controls
but more pro
nounced

5 day decere-

Similar to experi
mental controls
but much more
pronounced

Similar to experi- 17a,b
l8a,b
mental controls
but much more
pronounced

5a

■8*

brated-hypoosmotic

12a,b

llia,b
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Table 3-continued
Location
Treatment________ Type a cells______ Type b cells______ of plates
5 day decerebrated-hyperosmotic

Extreme loss of
granulation and
increase in vacuolization

Same as $ day
19a,b
"hypo” but so
20 a,b
pronounced that
21 a,b
12 hour tissue
showed almost
nothing but these
very dark cells

*
Standard controls: worms maintained at 2°C in moist bedding
material.
-x-#
Experimental controls: worms subjected to a 0.1 UM isosmotic saline
solution for 1 , 6 , and 12 hours.
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SOMMAKT

Histocheinical procedures were utilized to demonstrate neuro
secretory cells in the subpharyngeal ganglia and ventral nerve cord
of humbricus terrestris. This was carried out by specifically
staining neurosecretory granules with Gomori's aldehyde-fuchsin
stain following oxidation of cystine and cysteine, characteristic
components of the granules, to cysteic acid.

Following this

staining procedure, two main types of neurosecretory cells were
identified.

These were called type a and type b cells, after

similar cells identified by Marapao (1959) and Goudie (1968).
Earthworms were decerebrated and their nerve cords prepared
for staining immediately following decerebration, after 2 hours,
and 1, 2, 3, 5> and 7 days following decerebration.

The formation

of conspicuous empty vacuoles was observed in type a cells 2 hours
after decerebration as well as some increase in stainability of
type b cells.

Increasing evidence of cellular change in type a

and b cells as seen in 2 hour post-operative tissue was observed
on successive post-decerebration tissue, starting at 2 days.

At

7 days following decerebration, extreme vacuolization in a cells

and extremely dark staining in b cells was observed.
Non-debrained earthworms were subjected to hypo and hyper
osmotic conditions by placing them in distilled water as a hypoosmotic medium, and a 0.28M hyper-osmotic saline solution.

Worms

maintained at 2°C in a refrigerator were used as standard controls.
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Other worms in 0.1 IjM isosmotic saline solution were considered to
be the experimental controls.
A reaction to general stressors in the experiment as observed
also by Marapao (1959) and Goudie (1968) in similar situations, may
account for greater prominence of staining in type b cells in
experimental over standard control worm tissue.

This generalized

response of increased staining was more apparent in tissue from
worms treated for longer time periods.
After subjection of worms to extreme osmotic conditions, type
b cells showed cytoplasmic changes unlike those of type a cells.
When worms were subjected to hypo-osmotic conditions for 1,6, and
12 hours, b cells appeared to show what Marapao (1959) and Goudie
(1968 ) called a ’’generalized stress response" of greater staining
intensity and apparent increase in number of cells with increase
in time.

The latter observation might be either an increase in

cells or an increase in visibility of existing cells.
When worms were subjected to hyper-osmotic conditions for
1 , 6 , and 12 hours, type b cells demonstrated the same changes as

were apparent in worms subjected to hypo-osmotic conditions.
However, "hyper-treated” worms showed type b cells with even
greater prominence in appearance and increase in numbers with an
increase in time.
No apparent differences in type a cells were noted between
standard and experimental control tissue.

However, apparent

cytoplasmic changes were observed in type a cells when worms were
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subjected to extreme osmotic conditions.

When worms were sub

jected to hypo-osmotic conditions for periods of 1 3 6 , and 12
hours, a decrease of stainable secretory granules and an increase
in vacuolization was seen in the cytoplasm of type a cells.

These

changes increased with time.
When worms were subjected to hyper-osmotic conditions for
periods of 1 , 6 , and 12 hours, a decrease of stainable secretory
granules and an increase in vacuolization was seen in the cytoplasm
of type a cells.

These changes, which-increased in time as in

worms subjected to hypo-osmotic conditions, were more evident in
those worms subjected to hyper-osmotic conditions.
Earthworms which had been decerebrated £ days previously were
subjected to extreme osmotic conditions in the same manner as was
previously done with non-decerebrated worms.

These decerebrated

worms generally responded to the osmotic stressors in a manner
comparable to that of the non-decerebrated worms.

However, observed

histochemical changes in cells of decerebrated worms were generally
of much greater extent than those found in cells of non-decere
brated worms.

In decerebrated worms subjected to hyper-osmotic

conditions for 12 hours, loss of stainability of granules had
progressed to such an extent that almost nothing but the very
dark b cells could be distinguished.

These b cells showed a white,

surrounding, ”halo effect” as well.
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APPENDIX A
Scheme of Histochemical Procedure
I.

Anesthesia and Exposure
A.

Specimens were anesthetized by placement into 10$ ethanol

until they showed a sharp decrease in activity, generally about 10
minutes.
B.

Suprapharyngeal ganglia and subpharyngeal ganglia (nerve

cords) were exposed by a longitudinal mid-dorsal incision.
II.

Removal and/or Fixation and Removal
A.

Suprapharyngeal ganglia were removed after connectives

were cut.
B.

Nerve cords were fixed in situ in Bouin’s solution, then

removed after connectives were cut and placed in fresh fixative
for lj.8 hours.
HI. Washing
A.
17.

Nerve cords were washed in distilled water for 15 minutes.

Dehydration
A.

50$ ethanol for 10 minutes

B.

70$ ethanol for 10 minutes

C.

80$ ethanol for 10 minutes

D.

95$ ethanol for 15 minutes

E.

100$ ethanol for 15 minutes
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Appendix A— continued
V.

Clearing
A.

Cedarwood oil for 2k hours (This is miscible in both

alcohol and xylene and does not allow hardening of the tissue).
VI.

Infiltration and Embedding
A.

Cedarwood oil: xylene,. 1:1, for 10 minutes

B.

Xylene for 10 minutes

C.

lylene: paraffin, 1:1, for 10 minutes on warming tray

D.

Paraffin for 10 minutes preceding embedding

VII. Sectioning
A.

10 micron thickness on a longitudinal dorsal plane with

the use of a microtome
B.

Through careful trimming of the paraffin block and use of

large cover slips (22mm x 50mm), all serial sections for each
worn were placed on a single slide.
VIII. Slide Fixation
A.

Haupt’s albumin fixative was applied to glass slides and

allowed to dry before being used with tissues.
B.

Slides with tissue ribbons were allowed to dry on warming

tray at temperatures below the melting point of the paraffin.
IX.

Hydration
A.

Xylene for 2 minutes removed paraffin.

B. Fresh xylene was added for 2 minutes.
C.

Xylene: 100^ EtCH, 1:1, for £ minutes
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Appendix A— continued
D.

10C$ EtCH for 10 minutes

E.

95% EtCH for 10 minutes

F.

80% EtCH for 10 minutes

G.

70% EtCH for 10 minutes

H.

50% EtCH for 10 minutes

I# Water for 10 minutes
Standard Hematoxylin-Eosin Staining
X-11 . Bleach
A.

k% sodium bisulfite

X-12» Stain
A.

Delafield's hematoxylin for 2 minutes

B.

Rinse in distilled water with 2 drops of stain

C.

70% ethanol for 10 minutes

D.

Counterstain
1.

Eosin for 1 minute

, Dehydration
A.

70% EtCH for 10 minutes

B.

80% EtCH for 10 minutes

C.

95% EtCH for 3 minutes

D.

95% EtCH rinse

E.

100% EtCH for 5 minutes

F.

*100% ethanolrxylene, 1 :1 , for 5 minutes

G.

Xylene for 5 minutes
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Appendix A— continued
Mount
A.

Canadian balsam was used.

Gomori's Aldehyde-Fuchsin. Staining
X-21 . Oxidation
A.

0.3g of KMh(% in 100cc H 2 O + 0.3 ml concentrated H 2S01;

for 1 minute
X-22. Bleach
A.

h% sodium bisulfite

X-23 . Stain
A.

Aldehyde-fuchsin for 2 minutes

B.

70$ EtCH for 10 minutes

C.

Counterstain
1. Halmi's mixture for 2 minutes

X-21|. Dehydration
A.

9%% EtOH +0,2% acetic acidfor 3 minutes

B.

95% EtOH rinse

C.

100$ EtOH for 5 minutes

D.

100$ EtOH-xylene, 1:1, for 5 m
inutes

E.

Xylene for 5 minutes

X-2£. Mount
A.

Canadian balsam was used.
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